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gPHMM »3 A^ftSAi H|±fi» ?0^l M^t!£ v DEIS A|*£B gto|«pi ofS2, 5 

fj-^-oj ?| i). (i3j4) AH3I01I (15) # ATOIDfl ^H, #71 *?»2J 71 » (13.14) 2J 2| [H*fS0ll £ 

§ ^Oi BtSSMI ^^2J £££012 tig (20,21) M ££ ^ HSFSfe ^MEF 

015. (20,21) DlEIg *iHlA|?| ««SK)L £71 21 » (13,14) 2i °J£J*1 CH*FS^ ES il^Otl 

vmm (i) e «*i^u2, oi sta^i (i) yy qk^ sm^ (4) e ^moh= 2 us^ra 9^ ^ 

£SKQ 2UI, Dl (4) 71- sCHAi= #71 2 g*HD| &7| ^HEK)|= «£- 2^ 

(20,21) S^EI- 2 S^WI CH*B 2.5 LHXI 40 E ^E^ CH=U>il tYU SILK 

H!*!*! SJSiAISfl 
^-^SP- US 

5. 1 s a »^(H1 St* ffi-A^ ?«gaA|S-*|*| s£AI *!EHe UERHfc 
£ 2 b £ 1 (HI UEH^J SJ-A^y gi±=i§ LhEHH^ AJ-AIE. 
£ 3 £ E I (HI LEK* B.W»*1 U-EKJitr 5§£, 

E 4 £ E 3 Ofl UQti! EMM B£2| Stt(«S)SI S15Sg§ QEKHS E£A|, Q010f=E SKKB 
■WE SSI^IXlKe^^m BreKfWywa Sifc ^EHe ueuh^ e. 

£ 5 & E 4 Oil CKJIDhSE BOTH 2ith S?i!7|*8£| 2» UEK.HS 

£ 6 S E 4 (HI LEK£ DOIOfrgS SOT S?|j7|XB°l SSI^ S2E. 

£ ? S E 1 Oil U0£ ^A^|EJ S^-^g^SJ UHS£!"7«^ 

E8 = S ^Af^ ^£1 ^SSAlS-xIDil SJStJ- ^A| SEHs UEl-Ui- B3E. 

E 9 5 £ 8 Oil UEK* ^SS^ ^SSE12t &W« Q-^SI S^^^^Sj Wfl&TIS U 

EHH^ S3E. 

E 10 g ttAKi «aZAI9»e UEHH£ BSE. 

* E«°l ^gCHI CHW ¥^21 * 

U 30 -BTAffll 4, 34 ».»Afa2| 

14, 43, 44 - = S7!5 15, 45 

17, 18, 48 20, 21, 50, 51 -^33^ 
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22, 23, 52, 53 -»H«« 60 -1£1I!E1 

a bjgg S«3XA|§S|01I St!" £|^# ArgorW SAIofe »AI«2| *S|g£AI5XI01| 5*tf 

2I0ID. 

so, i&E^ a«Eiu sxK^a- grs sra« sms*ioi sjojai uh &h si sa= 201 s^an 

BHEiEia USSrStSt §A|M 9X1 SI 3&U|&«lfi0|- 11-391 g £ICH SttD. »£Hia*ig±g -3101 

gansj aw* *!SEAis-*ie, £ to on uaa dhs> atw ^arsj (iisjm) si oitfs 

ejOil ^22^0 (120.121) e gxISffi, S£ Oil (120,121) 2W2| ?|M °-<!S£| BHSFS* 

(122,123) g^^fOI, DIM HHtW (122,123) MO 1(H) ^§5 (115) m W*\ £|CH 21CK 

nan, sepis (ii3,ii4) a 111*011 a u a 2 si see nans) t flxreci, a 2 b»b 

(118) 2) 2|«Mfr fiWi? (101) i§ fiWkW (105) 9i *|| 2 ESS" (119) e*g SXISffi 
Eh 

#71 :?«2| yAKS «!3SAI«*I (100) Oil SiOiAl, Xfl 1 BV9 (11?) Oil HAKJ- ^£ ^231^111, p 

ai (115) ft ^awssjw efshsoi so. nam, eiss^ & as a 2 s»s 

(118) Oil 2J*H Sl^e^^ £12, BTAKS" (100 OilAH BAKIOI, QA| XH 2 BITS (118), «Bfi (115) 

e ^a&toi 1 s^rsr (117) mai b/*bck 

SEH^l »AJS sggSAlSttKHI 2KHAI ^AJ-F (101) S9QI 5^BJ 2£2 tfgXI §2J 53 
CHI gT^DIfe §2] ffA»g 21 #CH1 21?H iffiffiW SiQ. 

Oldth ^2 tf^ v 2WI QBSDIl, ^XPI- SOI- £AI3°] SaHMKil- 3*01 «!E 

o^l A|^ v fe0|7|?t««t. 1SH^££ Al^ yXIEh SAl^ CH^S 

^201 flOj wbck 

BNUSSfiAl TiB^ AhSuhS. SAUffll Q)oB g^AI- «MFS 0H^ BTS ^g^- g§ ^ SIHLh 

oig-sjs BfAfB ai^oi an 2ioi fi^tm sid. 

01 ujisoii y^^g usis ^ tt^i ®MMm sin, oieh^ ^Ai-a-g ^ 

71 9|3HAdrr ^AF^^^S S)£^£g SIDIfi ^A»g ^?Dol~ 2101 SS^fQ. 01 UL B.W 

«>Ah^2»# «|Di^PI ^IqH, X-flCH^ Dl^ 71^1^ sOil £JoH ^^o^ fe^OI nei^i 

7^ IIHDHH- HHt* 1 SFH ^SS^h^ W^OI n^&ILh ^<y^# e^^Pl OiSO— ^11^ 

^XDS^ S^OilAi ^BbHxl^ ^12, 0|§ ffl-^oVS BH^IS 5fe 2101 5= g 

oitr S^OILK 

fuj- ^^THSJ S^jy g-^0{| ^£*H1, $^2S tttflg X StT£S SLHCH, 

^OlM 7hg*J- * 0101 A! Y tlttfSa ^FS^iaM SLHn, DAI X SLHBAI SS^gi s 

a oi aasKiK 

sa*w b»*vxi & v n 3_4:«".^e« Pi»fc_a*, oil M§_Afoi(Ht^ 

Of 
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E ITS Oil SfAh*f ^SSAISxl^, 71© AI-OIDi! ^S## AhOICHI ^H, 7!*^ ^Oi^ tl" 

^ CHtf^Ofl ±2 g)tF££ 2SS= £^5rOI£ q# ^ss^-i s£mn, ^7!*^ CHt?9^ 
S£= 21^1 H>Affl|g gxl^Dl, ^Atf-fl^ thStf^S HHSohOl ^f£!£» D<£2| 7 1- XI 12 £ 

S?£2J HHSSitfOI ^^ErOI^^ *ga*}2| 2§- ^sRHI Qioll 2.5 LHXI 40 £ OiSLMI S= 

S£, £ gi-gOi! Bfci- BhAW EISSAISflfe, BAKO £S2| LH9DI ^g2J 0I^£ D^2J 2 = 

zvt ms. gxis^ s^&km sgsin, m^2i 20121- assfe £s?*sj m*i7} ±§ ss^ichi At 

4"A]H ^ 21CK 

£. S IfSOfl S*rH*Al4! *!§SA|§*I£, BWH3h oPI»2| ^g^^Qi) £X|Ejn, ESS 
S HH^tJ* STN ^ TFT g^2l STAFS *l§£A|^X|Dil ^ 5101 D. 

3 £112, i£ £ US Oil «!Af^ ^§£A!&£|=, 7|=> AH3IWI AhQIDil £71 t> 

^ 713*1 EH^SM ^1 ^Oi S*JoW =^2j ±M&HJI* ^22^ i£ 2| 

CH*tfh= ^E£mi= ^SS^Diat 3H1AI?} *fi*KK, £91 7|£!^J S2J2) CHtfSA £££ 21 A Oil 

g«w>i. eAw?i- 32ms 2 rose u^sra 3^ **s£ioi an, 011 

□£2J sCHAi^ #71 2 S«0I &7| S|I2tfe £JE5fQ|£ ^S2^2| 3 SSI 5- 2 gtttHI 

LHsH 2.5 LHXI 40 £ ^£ £101 3SOICK 

OISH^J- SJ-AF^ ^SSAIS-AlOil 2m3, £QI-2fl #£i=i2l 2-2JQI £0OT7I W£W M^t** 
Swiqi Dia«»/d *!§SAI§x|2| SAIS^IS tf&AIIJ 4 2iQ. 

B ^SWl SiCHAi »Ah3B2l Dlikltt S^OI 1£&£IOi 2iH, 01 3*)0fl S.^g y H 

EICH HQ. 

S ^SWI SiOiAl HHfS!*> SJ-A^lfe. 50Oi| LHSOI ^S2J D\ = = Q^2J S^rW S 

^acn sin, «?i 5.^^ soi^r o.i lhxi 3^ 21 s^ichi sisdi, lhb^ sa« ^^7h -35 

LHXI +35 £2J g^lOit 2ix2, 2.tS§fe 2=^2J ul^Ph 5 *m LH^I 50 w £J 3 SI Oil Si^ 

fe^l r£^o| SQ|j ^ Oj-A^HI E3O0AI 73^3)^2] 71 El, r ^S^h^ S^^SJ ElXJj 

SA»j 01 ^ (4) LH^SI SitHI SICH AJ D.E /cm 01 ^ *|*«t UH CHI 3 D!± 

g?IU)0il SlOiAfSj gA^^J ^§3 Oil CH^ StL^D. ^ v £°| g^^, ^Afl-ll 53 CHI Ailg 23 

Oil tHoH ^| 2^^2J STAhSl AhS# g, 3 CHS^ gAl^M S^J^LK 

01 bi^ti- aWWIDfi SiCHAJ, 2A^ -35 LHXI +35 g^lS ^gS^ g, K!«B 
S3 BffitflHI CH^I ?HB^h^l BHtJ^ §01 SH^Q. °^ SS^hS 2^2J 1DXI0II ^«OI Si 

IT^I ^^SOl LieU 5TAHT0I ^«B901 ^^1^ SSflgOl 2i7| QJigOIQ. LH3 
3AR! S57F -35 LH XI +35 £2] g^|g ^2foh3, STAHI-^ 2ARTO] g-^l^^AI ^A^£7t 
W^&ICH ^ ^Al^-g ^ 2J7I (fc»A[-2ra Sf^DI 571 StHlAi 70 £ 01^0 1 ^SSAiS^I 
LHT^I &AFeS EiaPhBWaOl, BBAJ ^'01 JIBQ) HK^OILh 

c£ # ^s^y g;0|7h3 Am ^ £^oFS, 55S0IIAi ^^^M g^§^ S^Oil ^^^2J S^OI 

srsoi mi xi xi stoh s^i^ 2^ ^ a a, 

£12^1— 2^21 El^Pt 5 ^ 0ISI2! \UrtJM »^e2| »|9f0| a 

= fcJ-Al^gg 4 SJtm °^2J ^^Oj ^^EIAI SJ^DI. f-^J SX1I7I- ^^ihk 

SEILN A^^ ^AhXIl ^ll^Oi] A^^ 4= SJ£ 30 LHXI 100 ^ OOIO^E &XH AFS 

2!So^ 2^¥21 H»S 5 LHXI 50 *m £ ofe 201 0^§P7| UJI^DIO. 

^BHD|= «^ ^SS^ Ami£| E|»S 50 LHXI 500 w 7 1- b^uFQ. ^ <3^S 40 LHXI 

430 ™ 7f uttrama. 

gl ^SS^i^ HIXI7F 50 m SQ ^£3 ^SS^ 7FS^2| Sl^fOI 500 ^ t^7h 

5HXI7I tlHgWL S^fe £Aj€|g S SAlg^l^ 4 £1711 £!CK 

SE, 3» S^^i-SI d^OI 40 ^ HD ^§2^ 7S^2J nefOI 490 ^ ap- 59 

^X]7l 011SCH1, iAI^S S ffiAIS^I^ ^ STil BQ. 

SJ-AraCHI 2iCHAi2i 111-4:2) fi^^7t §01A1^ ^2 2 StfOI ^!JH^|^ ^I£fO|^ 9§£|^ 

2 StttH 2.5 LHXI 40 S ^£ W2U 2.5 EHQ ^2S A!^^ »°!01 7fe^ ° 
□h£fl ^^7F ^g*Hl, 40 £SD AI^^S »2J£lfe £ DB ^Offli e°k|7|- gT^PI 111 SOI 

££, 5 ^SCHI 2.^ ^AfS ^SSAISa^, gtt 7|?T A^OIDil ^Sfi Al-OltHI ^Jl. gt[ 7I&2I S|Oi 
£ *NS°| CHt^^DS Stf^S SSHS ^^^ 0 |^ ^SuhJl, ^7I^SJ 

CHtiFS= E~ 21^ Oil ^A^lg «6HM, fe^h 
71- HHgtKfl Q^>2J 2^^M 

^ARg^SJ gl^&fl ai»l 2.5 LHXI 40 £ OI5U °0^| g°!=|2| Ai^£S Sh2jbl Di 

mmM B9 5Ai^^7p tf^sch 

£E^, S Sref ^AJS *!§SAISXI£, &AhXfl7^ LH90I ^92J 01^^ Q^2| ^ 

^¥7h AJS 2^|£^ S^$H5) £^^2) £^-^2j S|x|7|- ±g ESIDflAI ^ 

^oH2 S!7I (IdSCHi. U-SJ Z^OI SI2 STS ShAfBS S# 4 2iCM §y ^AIS?|M *>2A|*J ^ 

££«^, = US (HI ^A^^SfiAlS«S, erAtt-i)7J ^7| *»3l5J^ "«IS»*DII ^«£|H, «JAfifl ^ 
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71 Zimr= ^M£(0i= t!£ ^§3^£J 3§SI£ 2 St> f 0S CH"SB 2.5 LHA! 40 E ^E CHSLI- 81201. 

mzim&zi ^4=21 ^ti-isi 2 gft?2S2i §§g*?oi &?i 320^ i^Bi-oiii ^ss^ 

2 §g*> 20IQ. 

4= 2112. a e?AM« _ 

mZi 2JSIA|S«M Ul»l HQ SA|g?|71 2fA>« §S1 1AISS1 WIS^" 4 2iD. 

#71 &AW 3 ±E£K)I£ 12 # £TM^ *!SjEA|&£IO|| SiCHA) SfAHa S ±!=EKil = t! 

# a^s $ 20. 

a£1HE1£ 215 ^4:2] ST«|SWsS2| gZJ- E|X|7|- 50 LHXI 500 am ?[ 8JSSH2. E ^ sf^s^SSl 
40 LHX| 490 Am 71- U1-&SISI-LK gl ^Sh^lS) HI £171- 50 w HQ- S[2S ^£1^ 
1 7H#2J 3EB2T0I SJl, 500 wSD 33 iU71 ?JX|7| IDISIHL 4&2I SAIUS 3 £A|g?|g 2# 
4 S»l 3Q. 

£E. 3^ «T«;a^9IS| g^OI 40 a* SQ ^23 STiSSkfcS ?W&Si M*iQ\ 2iH, 490 Ain £Q 33 £(■ 
£71 71 XI 71 IIBSOil S8}£ 3tA)^5 3 fiAISSI^ 2§ 4» 25*1 E!Q. 

(SJg£J £A| *!EH) 

QSWAI H H £AI «EHM ESOfl ggttQ. 

£15 5 I?321 eiAFS 6 -!jgaAIS-*l£J S AiAlttEHS UEKHc £>3E0|Q. 01 5tt[*j ?i!§EA|S 
01l# 13, £))U 0.7 mm 2? tl&Zi 2AI^ °£|7|£r (13) 2t HHS=£1 ©t-S SSI 715!" (14) 21 im 
(H| 2,^ ^4=JH^ iS£H3|H S4^2J SAl§ (20,21) 01 ^SEIOI SU2. a Ols 2^2.HH1 

A (15) s £AI^ SSPIB- (13) HI fe^^Ofl M£l5hHL1l0ie^XI2f §£IOVHl!47;i §22 

oi=oi»fe (i6) m gmm. s. 06) a #s«w m i (i?) s hhxi ssa? 

H SID. a, HHS^ °5PI5 (14) 21 ShS^Mrr HI 2 5J B1W5 (18), 3EIH g^TMl (19) g 1 

sh e «^hj erAhfli -^sms ^xi&m sia. 

•^^7H^ ■am (21) I, E 1 (HI SICHA1 a?St'£S 3§-E|H, S. ±%Z^m U^t\ ^ 

S£ICH 2iQ. (20) E 1 M SICHAi XI3# 35HLID1. 

a^Ahsn (i)rH2 (is) 2j oOschi sa^g soi CHtr&hE^ 5*f£in, e»-Aw-n (i) ^^ 

m 2 SITS- (18) 2.KH|^ 3EIAIIS S2t S2| glgOfl ^*f# ^Xl 3fS XHSS OIHCHXI^ S=T 
ill (19) ?\ ©2301 2D. 

e 2 on Liea uhah soi ^ajsi (d o»# is, set §££ oi^chai^ (2) m s 

*Als §2S 01^01 XI S^-2) 4X\7m (3: S?Wflg 71X11) 2| 53011 H LH30I 7321 

^^i- oi^s a^si £=y (4) 7f ais s^sra *^sm, □ m\ mm is ©Mifcoiu 
« soj et-ayog oi^oixie a?A>^ (5) oi s=r e= eia son si«i «ss 200. 

(4) 21 20|g 0.1 LKXJ 3 am 21 gl £1011 AH ejB§171l ggSW, eiSsfe (4) 21 E|«-§ 5 

LHXI 50 Am 21 g^WIAI S!BS^ WWW, (4) LH321 gARfe -35 LHXI -35 £2| g£|S 

se sol u^i^5!5^a. 

SJAtfll (1) S E 3 LHX1 £ 7 2h gg£.£ ^ISSQ. 

°^ E 3(a) (HI LlEltf H12h^O|, Mi #3 i£il°l£l>;, S^2^ §2£ OI^CHAIS £901 

*!■ gS- ^^21 EtPIXH («S!5^; ?) # SSS« (W$I3Sg)2l HI 01 2 6KHI IlStlQ. 
3301 £3 ^§ (R) t ^ 73^^21 QOIO^E ^A} (8) S S«?IAI (7) 2) iSi S2j^2, E 
S7IJH (7) ^ ^SStJSS 0I^AI?IAI= QOIOI^E &X} (8) S HtPIXH (7) ti ^61 gSjCHAI 
Hl= 55,^ CI-^SI a^t>£g#l, aOlU HHS 30X171- ^Ol*t 0-4=21 (7a) # E^7|aK (7) 21 

S3 Oil E 3(b) CHI L^tf 22V 1?° SrAW E« (9) ®£ tiCr. E 3 0)1 UE13 

Uhfih ^0|, COAi AlSSfe E@ ?IW (?) ^ EHOIBOI 0.1 a* 21 gt«^2S 4=g 

3LH2I X V fe^o; S 0|#SH1, QOIOVSE ^Xl (8) 7h 1 m 21 ^sHs^S (Z g*f) 2 

s ois^fe 201 a. e, cwioe= &a> (8) 21 ^ 3.§ (R) s. 10 lhxi 100 a» s 

E3 201 HUfSl^m. OIS S3 £^ (7a) 2J SOlg 2 am SEH ©l~ (R) 01 30 LH 

XI 50 Am 3 2. (7a) 21 30lg 1 a» SSS 8^ g^, 5)3 (R) 01 50 LHXI 100 Am 3 2€ Al 

§313 SQ. 

QO|Oh=E SJ-XhOfl 2|*J 222| Q§2t WQ. 

E 5 fe BZ IH@§ UEHJi£ S3E0IAI3, 01 EOfl L.m\» um ^01. E'^'UHI 2I01A1 3iS8lS 2^ 
t?2J HIXI5 2f-=01IAl ^13|£ tl (= 17 Am). t3 (» 15 ab), t2 (- 16 am), t3, t4 (= 14 /m). t4, t5 (= 
13 a«), t2. t3, t3 2S £101 3Q. E. §^§01 2l0iA| 2!B«e 2^ I* 2| fflJIS I WBWE i »a 
^ QCH SIQ. SO|g 1.1 LHXI 2.1 Am 2| g^0«A| 4 SSol-01 (E 

S dl, 62, ct3, d4 £ QEHeS) S2J«f2S«i, 2^*21 °f S^?3 S^2J 2S^2J ui-gE r1 (- 11 Am), 
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r2 (= 10 /n»), r3 (- 9 wn), r4 (= 8 m) 2| 4 SD. (US IS §15^011 SiCHAi^ 

fflg£ £|QUi »2|S rl, r2, r3, rl. r4, r2, rt, r3, rl, r4, rl ±S 

c£, 25°) ^£i=, Ollg §3 SI^ETSI SlOjl SIOU1 SOI 01 2J EEfggg&MI 2^ 

1*&t} Qg, Q§£S SOI d2 2| SOI d3 2| SOI d4 °J 2^±?5 t!2S12^ 4 JUS 

21 S0|2| 25 Sf^SKfl, °2 £l£f££l §1>121 2^ SglCl. n 2I01IAI 2 

wij-joj H|g oisskb asfs sm*m. omn shai, eh© lhsj 2~ ^g©^ 

a. £,£5=t = 150 m /4«2| 22 SI SI UEH.HS- 01 HISSJ S^CHI 2|q1 SWfll 3 

*1I71 ?<H£!CH 21Q. £ 5 (HI LlEltf Bh21 &0I 2!2th£ £3^21 gr=(B«)S 8I£ 3*171 UHS 

wi. 22 sstoi 2^ ey ftsi sai2j ss^s 2 6 m ubb axis so. 

nw.s. 3(c) oil u&y um sroi, 2^ O) § #x>t! (io) an £tr. HHXisra, s?i (io) m 
wig §g gais go, on e yen, ^goiiAi g5fAi?iu, ot saAia ^nas 

s ©71 (10) g*H WLHCH SSfi** SHRH H, 2 3(d) (HI LIEIS U121 SOI 2* (9) EJ 33 

§ 0|#£ D4»2J 2^S1 emi2J fii *«2! LK=2J g^¥l 3>= t!S (12&) s SA1S (12) 

C1g£g, S£l 71521 #SM 0r3fJ?ll 5BX|±£. SEI^EIS!*! MJliE, O r XlH(azide)H = ?ll 

I, 01 DIETS 211 XI ^M. §2] SQ-a 4=AI°Jls ±£!2Mg, £3§! SJiBS. gAhffl 2S2££ 25 

t>Q. nan. £5 gs = 3> r gM s& arsaois 521 sxig oigsra 7154^ 

4^X1^^ K|g MS 80 LHXI 100 "C 2| sEg°|0]|A| 1 g 0|# ^rgsfe *E|tHIO|3g tSoKH ?15te l 01l 
4X|#e &. A^orS S-lfS S=DJ [U-O- ESIWIOI3 53? ^QISPI Iffl 

SOL ^71 StlSJ S££r AI^ES SEItHE #CK E. 0171 A1 «SShS &gTS 4=X|g2j 
2 LHXI 5 r» ^?IS fh= 201 

D *. 2 3(e) (HI UEHd! Uh2h SfOU 2 3(d) (HI UEKjj SAhS (12) 1 OlgSH* 01 SApg (12) 2) « 




©5 ^XI^l g^Dll ^ if^^^ 501 bH,^8H2, OHM PS 30 LHXI 50 kg/cm" 

tV= SOI ^LK Sfiil^AIZUHl CHtUH£ AfS^fe S^CH) ^ ^ ^^h^ 5iO| Hh 

g-^m, nt 30 ^ lhxi io s ai^ss ao, 

D ~, e 3 *h o £|7 | S o, oig^og^ Ei (3) ^ *I*]-Xh21£ (9,hJ § 

2J SAhthOl ^Xl^ (3) m StUIEJCK SA^f^ ^ ird^. ^1 

^g-yM ^joj 2 o f 5 q ^j/ctT 0|^2| £V£0)S ^>XI#e S^Al^PIOil S^SCTST. 

□iHOiiAi a^il> ash m^tr ftrmaoim sxi^ Afsahoi ^bi^ib a-s-^ ^>xi 

# (3) # OOP MS 240 *C SSOilAi 1 g 01^ *S±^tHlO|B§ ™mo\ ^£1^15.^ 

^Xls (3) m ±&tl£}. 

Um^?L^., S-^fi (3) ^ i^QD DO^ ^DIh§ S^esgj g*r goil ^^hDl 2. 

= 53^ im ^APJ (5) e SS^ES^l, "?Ah5HI (1) ^ S.^SCh 

(20) S (21) ^ £ 7 Oil L^E^ hdh^h WO! ^MEKD1= IH^OIXI, ^A^l (1) Oil 2iOU1£J 
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(54) Reflection type liquid crystal display device with superior display quality 



(57) Disclosed Is a liquid crystal display device in 
which oblique moire fringe pattern Is not easily viewed 
while using a reflection plate having a repeated configu- 
ration and which is superior in display quality, A reflec- 
tion type liquid crystal display device includes a pair of 
substrates (13, 14). a liquid crystal layer (15) placed 
between the pair of substrates, a plurality of stripe-like 
transparent electrodes (20, 21 ) formed In parallel at pre- 
determined Intervals on opposed surfaces of the pair of 
substrates, the opposed stripe-like transparent elec- 
trodes being orthogonal to each other, and a reflection 
member (1 ) provided on the side of one of the opposed 
surfaces of the substrates or on the outside, the reflec- 
tion member having a largo number of recesses (4) con- 
tinuously formed so as to be arranged In two directions 
orthogonal to each other, the two directions in which the 
large number of recesses are arranged are deviated by 
an angle of 2.5 to 40 degrees from the two directions in 
which the stripe-Uke transparent electrodes orthogonal 
to each other extend. 
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Description 

[0001] The present invention relates to a liquid Crys- 
tal display device and, In particular, to a reflection type 
liquid crystal display device which effects display by 
using external light. 

[0002] Recently, In portable Information appara- 
tuses such as notebook PCs and electronic notebooks, 
there Is a demand for an increase in battery service life, 
which leads to an Increase In battery capacity and a 
decrease in power consumption of the apparatus. As 
low power consumption displays, liquid crystal display 
devices are widely used. In particular, a reflection type 
liquid crystal display device using no backlight Is effec- 
tive in achieving a reduction in power consumption. 
[0003] As shown in Fig. 10, a conventional reflec- 
tion type display device comprises a pair of glass sub- 
strates 113 and 114, transparent electrode layers 120 
and 121 provided on the opposed surfaces of the glass 
substrates, liquid crystal orientation films 122 and 123 
respectively provided on the transparent electrode lay- 
ers 120 and 121, and a liquid crystal layer 115 provided 
between the orientation films 122 and 123. And, first 
and second polarizing plates 117 and 1 18 are provided 
on the outside of the glass substrates 113 and 114, and 
on the outside of the second polarizing plate 118, there 
Is provided a reflection plate 101, with the surface of a 
reflection film 105 being directed to the second polariz- 
ing plate 1 13. 

[0004] In the reflection type liquid crystal display 
device 100, constructed as described above, light 
impinging upon the first polarizing plate 1 1 7 undergoes 
linear polarization, and is further transmitted through 
the liquid crystal layer 1 15 to become elliptlcally polar- 
ized light. And, the light which has become eiiipticaiiy 
polarized light is turned into linearly polarized light by 
the second polarizing plate 118, reflected by the reflec- 
tion plate 101, again transmitted through the second 
polarizing plate 118 and the liquid crystal layer 115 
before it is emitted from the first polarizing plate 1 1 7, 
[0005J In the conventional reflection type liquid 
crystal display device, the reflection plate 101 is 
endowed with scattering reflection characteristics by, for 
example, forming a reflection layer consisting of alumi- 
num or tho like on the rough surface of a metal film, syn- 
thetic paper or the like. 

[0006] Such a reflection plate has wide scattering 
angle characteristics, so that It Is difficult to enhance the 
bright In a particular direction frequently viewed as in 
the case of the front of the display surface as seen from 
the observer. As a result, the display Is rather dark 
although the angle of sight is wide. 
[0007] On the other hand, when a mirror surface is 
used as the reflection surface, It is possible to obtain 
very bright characteristics in the specular direction with 
respect to the incident light. However, the display is dark 
even when the specular direction is slightly deviated 
from. 



[0008] in the ideal reflection plate characteristics 
required, the angle of sight should be wide and much 
brightness should be obtained. 

[0009] In view of this, it is necessary for scattering 
5 reflection to occur effectively in the direction required. 
To obtain a reflection plate having such characteristics, 
it is useful to design a reflection plate of a configuration 
in which the reflection scattering angle is intentionally 
controlled. To avoid coloring~ofue to the interference of 
w the reflection light. It is desirable for the arrangement to 
be random. 

[0010] To control the reflection scattering angle, it 
might be passible to form controlled minute protrusions 
and recesses by machining or the like. However, when a 

is completely random arrangement is adopted, the coordi- 
nate data on the work points is enormous, which is 
undesirable from the viewpoint of practicality. 
[0011] Or, it might be possible to generate random 
coordinates each time machining is conducted. In that 

zo case, however, it would be difficult to control the reflec- 
tion scattering angle. 

[001 2] Actually, it is a method easily conducted from 
the view point of designing and machining to form a ran- 
dom arrangement in a small-scale region and repeat 
25 this. 

[0013] In a possible example, recesses (or protru- 
sions) are sequentially formed on the surface in a 
mechanical manner. It is a convenient method to form 
one or a plurality of shapes at one time In a certain 

30 place, feed the sequentially in the X-dlrection in a fixed 
pitch, feed the machining position in the Y-direction after 
machining for a predetermined length, and perform sur- 
face processing while feeding In the X-dlrection again. 
[001 4] As a result of this machining, a structure Is 

35 obtained in which there is a repeated arrangement in 
the feeding direction In machining. 
[0015] Assuming that a reflection plate having a 
repeated arrangement is combined with a stripe-shaped 
electrode for display electrode, when the directions of 

aq these repeated structures do not complately coincide 
but make a slight angle, periodical overlapping occurs 
between these patterns, and a fringe-like pattern which 
is oblique with respect to the pattern direction* a so- 
called moire fringe, is viewed. Further, even in the case 

4$ in which a reflection type liquid crystal display device of 
this type is combined with color filters to perform color 
display, a moire fringe is to be viewed between the 
repeated structure of the protrusions and recesses of 
the reflection plate and the repeated alignment struc- 

50 ture of the colored pixels of the color filters, which 
impairs the display quality. 

[001 6] The present invention has been made with a 
view toward solving the above problem. It is an object of 
the present invention to provide a liquid crystal display 
55 device in which oblique moire fringe is not easily viewed 
while using a reflection plate of satisfactory reflection 
characteristics with repeated recess arrangement and 
which is superior in display quality. 
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[0017] In accordance with the present Invention, 
there Is provided a reflection type liquid crystal display 
device comprising upper and lower substrates, a liquid 
crystal layer provided between the upper and lower sub- 
strates, a plurality of stripe-like transparent electrodes 
formed on the side of at least one of the opposed sur- 
faces of the upper and lower substrates so as to extend 
In a predetermined direction, and a reflection member 
on the opposed surface side or outside of the lower sub- 
strate, the reflection member having a large number of 
recesses arranged in a direction, wherein the direction 
In which the recesses ere arranged is deviated 2.5 to 40 
degrees from the direction in which the stripe-like trans- 
parent electrodes extend, whereby the moire fringe is 
not easily viewed and It Is possible to Improve the dis- 
play quality of the liquid crystal display device. 
[0018] Preferably, the reflection member has on its 
surface a large number of recesses the inner surfaces 
of which constitute part of spherical surfaces and which 
are formed continuously so as to overlap each other, the 
depth of the recesses and the pitch of adjacent 
recesses varying within predetermined ranges, 
whereby it Is possible to obtain a bright reflection plate 
free from Interference of light, thereby making It possible 
to Improve the display quality of the liquid crystal display 
device. 

[001 9] Preferably, a reflection type liquid crystal dis- 
play device which adopts an STN or TFT system 
wherein the reflection member Is provided on the liquid 
crystal layer side of the lower substrate and wherein a 
polarizing plate is provided on the upper substrate. 
[0020] Furthermore, in accordance with the present 
invention, there Is provided a reflection type liquid crys- 
tal display device comprising a pair of substrates, a liq- 
uid crystal layer placed between the pair of substrates, 
a plurality of stripe-like transparent electrodes formed in 
parallel at predetermined intervals on opposed surfaces 
of the pair Of substrates, the opposed stripe-like trans- 
parent electrodes being orthogonal to each other, and a 
reflection member provided on the side of one of the 
opposed surfaces of the substrates or on the outside, 
the reflection member having a large number of 
recesses continuously formed so as to be arranged in 
two directions orthogonal to each other, the two direc- 
tions in which the large number of recesses are 
arranged are deviated by an angle of 2.5 to 40 degrees 
from the two directions in which the strlpe-llke transpar- 
ent electrodes orthogonal to each other extend. 
[O021] In this reflection type display device, the 
moire fringe interval is small, so that moire fringe Is not 
easily viewed, whereby ft is possible to improve the dis- 
play quality of a liquid crystal display device. 
[0022] Preferably, minute protrusions and recesses 
are formed on the surface of the reflection member, and 
the protrusions and recesses are repeatedly arranged 
according to a fixed regulation, 

[0023] Preferably, a reflection member has a large 
number of recesses continuously formed on the surface 



4 

whose inner surface constitutes a part of a spherical 
surface, the depth of the recesses being In the range of 
0.1 to 3 um, the inclination angle distribution of the 
recess inner surface being In the range of -35 degrees 
c to +35 degrees, the pitch of adjacent recesses being in 
the range of 5 um to 50 urn. 

[0024] The "recess depth" Is the distance from the 
surface of the reflection member to the bottom of the 
recess, and the "pitch of the adjacent recesses" Is the 
io distance between the centers of the recesses which are 
circular in plan view. Further, the "inclination angle of 
the recess inner surface" Is the angle of the Inclined sur- 
face with respect to the hori2ontal surface in the minute 
range when a minute range of 0.5 um width is taken at 
15 an arbitrary position on the inner surface of the recess 
4. It Is assumed that the angle of the reflection inclined 
surface of each recess with respect to a normal extend- 
ing from the reflection member surface is positive and 
that the angle of the opposed inclined surface is nega- 
te tive. 

[0025] In this preferable reflection member, it is 
important that the inclination angle distribution Is set In 
the range of -35 degrees to +35 degrees and that the 
recess pitch is arranged random with respect to all 
directions of the plane. If there should be any regularity 
In pitch In adjacent recesses, the interference colors of 
light would appear, coloring the reflection light, If the 
inclination angle distribution of the recess inner surface 
is beyond the range of -35 degrees to +35 degrees, the 

30 inclination angle of the reflection light Is too wide, and 
the reflection intensity deteriorates, making it impossi- 
ble to obtain a bright reflection plate (The diffusion angle 
of the reflection light is over 70 degrees In the air, result- 
ing in a reduction in the reflection intensity peak In the 

35 interior of the liquid crystal display device and an 
increase in total reflection loss. 

[0026] Further, when the recess depth is more than 
3 um, the vortex of the protrusion cannot be burled In 
the flattening film when flattening the recesses in the 
*q post proc&&&, making it impossible to achieve a desired 
flatness. 

[0027] When the pitch of the adjacent recesses is 
less than 5 u/n, there is a limitation to the preparation of 
the mould for forming the reflection member, and a con- 

45 figuration which would provide desired reflection char- 
acteristics cannot be obtained, interference light, etc. 
being generated. In fact, when a diamond indenter hav- 
ing a diameter of 30 to 100 um that can be used for the 
preparation Of the mould for forming the reflection mem- 

50 ber is used, it is desirable for the pitch of the adjacent 
recesses to be 5 to 50 um 

[0028] It Is desirable for the pitch of stripe-llke trans- 
parent electrodes arranged side by side to be 50 to 500 
um. Further, It Is desirable for each line width to be 40 to 
55 ago um, 

[0029] If the pitch of the transparent electrodes 
arranged side by side is less than 50 um, there is a lim- 
itation to the machining of the transparent electrodes; if 
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it is more than 500 ujti, the pixels become rather large, 
making it impossible to obtain desired display character- 
istics and display quality. 

[0030] Further, if the line width between the elec- 
trodes is less than 40 u.m, there is a limitation to the 
machining of the transparent electrodes; if it is more 
than 490 urn. the pixels become large, making It Impos- 
sible to obtain desired display characteristics and dis- 
play quality. 

[0031] In the reflection member, the two orthogonal 
directions in which a large number of protrusions and 
recesses are arranged are deviated 2.5 to 40 degrees 
from the two directions in which the orthogonal stripe- 
liko electrodes extend since, If the deviation Is less than 
2.5 degrees, moire fringe that can be viewed will be 
generated and. If It is more than 40 degrees, another 
moire fringe that can be viewed will be generated. 
[0032] Further, in accordance with the present 
invention, there Is provided a reflection type liquid crys- 
tal display device comprising upper and lower sub- 
strates, a liquid crystal layer provided between the 
upper and lower substrates, a plurality of stripe-like 
transparent electrodes formed on at least one opposed 
surface side of the upper and lower substrates so as to 
extend in a predetermined direction, a reflection mem- 
ber provided on the opposed surface side or outside of 
the lower substrate, and color filters provided on one of 
the opposed sides of the upper end lower substrates, 
the reflection member having a large number of 
recesses arranged in a direction, wherein the direction 
in which the recesses are arranged is deviated 2.5 to 40 
degrees from the direction in which a plurality of colored 
pixels of the color filters are aligned* whereby the moire 
fringe is not easily viewed, thereby achieving an 
improvement in color display quanty. 
[0033] Further, in accordance with the present 
invention, there is provided a reflection type liquid crys- 
tal display device wherein the reflection member has a 
large number of recesses the inner surfaces of which 
constitute part of spherical surfaces, the depth of the 
recesses and the pitch of the recesses varying within 
predetermined ranges, whereby It Is possible to obtain a 
bright reflection plate free from interference of light, 
making it possible to achieve an improvement in color 
display quality. 

[0034] Furthermore, in accordance with the present 
invention, there Is provided a reflection type color liquid 
crystal display device which adopts an STN or TFT sys- 
tem wherein the reflection member is provided on the 
liquid crystal layer side of the lower substrate and 
wherein the color filters or overcoat layer is sequentially 
provided on the reflection member, a polarizing plate 
being arranged on the upper substrate. 
[0035] Furthermore, in accordance with the present 
invention, there Is provided a reflection type color liquid 
crystal display device comprising a pair of substrates, a 
liquid crystal layer placed between the pair of sub- 
strates, a plurality of stripe-like transparent electrodes 
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formed In parallel at predetermined Intervals on 
opposed surfaces of the pair of substrates, the opposed 
stripe-like transparent electrodes being orthogonal to 
each other, a reflection member provided on the side of 

5 one of the opposed surfaces of the substrates or on the 
outside, end color filters provided on the side of one of 
the opposed surfaces of the substrates, the reflection 
member having a large number of recesses continu- 
ously formed so as to be arranged in two directions 

10 orthogonal to each other, the two directions in which the 
large number of recesses are arranged are deviated by 
an angle of 2.5 to 40 degrees from the two directions in 
which the stripe-like transparent electrodes orthogonal 
to each other extend, the two directions In which a plu- 

is rality of colored pixels of the color filters are aligned are 
identical with the two directions In which the stripe-like 
electrodes orthogonal to each other extend. 
[0036] In this reflection type color liquid crystal dis- 
play device, the moire fringe can be reduced to such a 

?o degree that it is hard to view, and the reflection member 
provides a high reflection efficiency In all directions, so 
that, compared with the conventional reflection type 
color liquid crystal display device, it is possible to pro- 
vide a reflection type color display device which Is 

25 brighter and which has more satisfactory display quality. 
[0037] As the above reflection member and stripe- 
like electrodes, it is possibla to use the reflection mem- 
ber and stripe-like electrodes in the above-described 
reflection type liquid crystal display device, 

30 [0038} In the color filters, it is desirable to arrange a 
plurality of colored pixels in parallel in rows at an intcr- 
row pitch of 50 to 500 u.rn, and the row width o< each 
colored pixel row is preferably 40 to 490 u.m. If the inter- 
row pitch of the colored pixel rows arranged in parallel Is 

35 less than 50 u.m, there is a limitation to the processing 
of the colored pixel rows; If It Is more than 500 um, the 
pixels become rather large, making it impossible to 
achieve desired display characteristics and display 
quality. 

ao [0039] Further, if the row width of each colored pixel 
row is less than 40 nm, there is a limitation to the 
processing of the colored pixel rows; if it is more than 
490 jim, the pixels become rather large, making it 
impossible to achieve desired display characteristics 

45 and display quality. 

[0040] Embodiments of the invention will now be 
described, by way of example only, with reference to the 
accompanying drawings, in which: 

so Fig. 1 is a sectional view of a reflection type liquid 
crystal display device according to an embodiment 
of the present invention; 

Fig. 2 is a perspective view showing a part of the 
reflection member shown in Fig. 1 ; 
55 Figs. 3 A through 3F are process diagrams showing 
the process for producing the reflection member 
shown in Fig. 1 ; 

Fig, 4 is a diagram showing the process for produc- 
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ing the mother pattern for producing the reflection 
member shown in Fig. 3, showing how the mother 
base material is depressed by a diamond Indenter; 
Fig, 5 is a plan view of a pattern in which the mother 
base material is depressed by the diamond 
Indenter shown in Fig. 4; 

Fig. 6 is a plan view of all the recesses of the 
mother base material after the depression by the 
diamond indenter shown in Fig. 4; 
Fig. 7 Is a plan view showing the arrangement rela- 
tionship between the transparent electrodes and 
the largo number of rows of recesses of the reflec- 
tion member shown in Fig. 1 ; 
Fig. 8 is a sectional view showing another embodi- 
ment in which the present invention is applied to a 
reflection type color liquid crystal display device; 
Fig. 9 is a plan view showing the arrangement rela- 
tionship between the transparent electrodes, the 
colored pixels of the color filters and the large 
number of rows of recesses of the reflection mem- 
ber shown In Fig, 6; and 

Fig, 1 0 is a sectional view showing a conventional 
reflection type liquid crystal display device, 

[0041 ] Fig. 1 is a sectional view showing an embod- 
iment of the reflection type liquid crystal display device 
of the present invention. This reflection type liquid crys- 
tal display device includes a display side glass substrate 
13 and a backside lower glass substrate 14 having a 
thickness of, for example, 0.7 mm. On the inner side of 
these glass substrates, there are formed a plurality of 
strlpe-IIke transparent display electrodes 20 and 21. 
Further, a liquid crystal layer 15 is provided between 
these electrodes. A phase plate 1 6 consisting of poly- 
carbonate resin or polyacrylate resin or the like is pro- 
vided on the upper side of the display side glass 
substrate 13, and further, a first polarizing plate 17 is 
arranged on the upper side of the phase plate 16. Fur- 
ther, on the lower side of the backside glass substrate 
14, there are sequentially provided a second polarizing 
plate 18. an adhesive member 19 and a plate-like 
reflection member 1 , 

[0042] There are provided a plurality of lower trans- 
parent electrodes 21, which extend laterally in Fig, 1 
and are arranged side by side at fixed Intervals. The plu- 
rality of upper transparent electrodes 20 extend in the 
direction passing through the plane of Fig. 1 and are 
arranged side by side at fixed Intervals. 
[0043J The reflection member 1 is attached to the 
lower side of the second polarizing plate 18 such that it 
is opposed to the surface on which protrusions and 
recesses are formed, and the space between the reflec- 
tion member 1 and the second polarizing plate 18 is 
filled with an adhesive member 19 consisting of a mate- 
rial such as glycerine which does not adversely affect 
the refractive index of light. 

[0044] As shown in Fig. 2, the reflection member 1 
comprises a substrate 2 consisting, for example, of 
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glass. Aflat resin base 3 {reflection member base) con- 
sisting of a photosensitive resin or the like is provided on 
the substrate 2. On the surface of the resin base 3, a 
large number of recesses 4, the inner surfaces of which 

5 constitute part of spherical surfaces, are continuously 
formed so as to overlap each other. Thereon, a reflec- 
tion film 5 consisting of a thin film of aluminum, silver or 
the like is formed by evaporation or printing, 
[0045] It is desiraable that the depth of the recesses 

io 4, which is at random, be in the range of 0.1 to 3 urn, 
and that the adjacent recesses 4 be arranged at random 
at a pitch in the range of 5 to 50 urn, the inclination 
angle of the inner surfaces of the recesses 4 being set 
in the range of -35 degrees to 4-35 degrees, 

is [0046] The reflection member 1 is produced as 
shown In Figs, 3 through 7. 

[0047] First, as shown in Rg. 3(a), a mother base 
material 7 whose surface Is flat and which consists, for 
example, of brass, stainless steel or tool steel, is 

20 secured in position on a table of a rolling machine. 
Then, the surface of the mother base material 7 is 
depressed by a diamond indenter 8 whose forward end 
has a spherical configuration with a predetermined 
diameter R, and the operation of depressing the mother 

25 base material while horizontally moving the mother 
base material 7 is repeated a large number of times, 
whereby a large number of recesses 7a whose depths 
and whose arrangement pitches differ arc formed by 
rolling on the surface of the mother base material 7, 

30 thereby obtaining a reflection member base 9 as shown 
in Fig, 3(b). In the rolling apparatus used, the table for 
securing the mother base material 7 in position moves 
In the horizontal X and Y-directions with a resolution of 
0.1 jim, and the diamond Indenter B moves in the verti- 

05 cal direction (Z-dlrection) with a resolution of 1 \m\. It is 
desirable that the diameter R of the forward end of the 
diamond indenter 8 be approximately 1 D to 1 00 |nm, For 
example, when the depth of the recesses 7a is approxi- 
mately 2 urn, the diameter R of the forward end of the 

40 indenter is 30 to So ujn, and when the depth of the 
recesses 7a is approximately 1 jim, the diameter R of 
the forward end of the indenter Is 50 to 100 urn 
[0048] The rolling by the diamond indenter is con- 
ducted by the following procedures, 

<5 [0049] As shown in Fig, 5 t which is a plan view 
showing the rolling pattern, the pitches of the laterally 
adjacent recesses from the left are tl (=17 \xxn), t3 {= 1 S 
urn), t2 (= 16 um) t t3, t4 (= 14 urn), W, t5 (= 13 urn), t2. 
t3, t3. The pitches of vertically adjacent recesses from 

so above are similar to the above partem. And, four depths 
in the range of 1 .1 to 2.1 u/n are set (indicated by d1 , d2, 
d3 and d4 in the drawing), and the depression is 
effected, whereby there are four radii of the circular 
recesses after depression: n (=11 urn), r2 (= 10 urn), r3 

55 (= 9 pm) and r4 (= 8 u.m). For example, the depth radii In 
a longitudinal row arc: r1 , r2, r3, n , r4, r2, r4, r3, r1, r4, 
n from above. 

[0050] In the actual order of rolling, for example, all 
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the recesses of the depth dl In the uppermost horizon- 
tal row are firs formed and then the recesses of the 
depth d2, the recesses of the depth d3 and the recesses 
of the depth d4 are formed, thus repeating the rolling 
operation for the four depths to form all the recesses In 
the uppermost lateral row. After this, a similar operation 
is conducted on the second horizontal row from above. 
In this way, all the recesses in the pattern are formed, 
Fig. 5 shows a rolling pattern of t = 150 um square, the 
entire reflection member being formed by repeating this 
pattern. As shown in Fig. 5, the adjacent depression 
recesses partly overlap each other, so that the plan view 
configuration of all the recesses after the completion ot 
the rolling operation is as shown in Fig. 6. 
[0051] After this, as shown in Fig. 3(c), the mother 
pattern 9 is accommodated and arranged in a box-like 
container 1 0, and a resin material 1 1 such as silicone is 
poured into the container 1 0, the resin material being 
allowed to stand at room temperature to cure. The resin 
product cured is extracted from the container 1 0 and the 
unnecessary portion thereof Is cut off, whereby, as 
shown in Fig. 3(d), a transfer pattern 12 is formed, 
which includes a pattern surface 12a having a large 
number of protrusions of a configuration reverse to the 
large number of recesses constituting the pattern sur- 
face of the mother pattern 9. 

[0052] Next, a photosensitive resin liquid such as 
acrylic type resist, polystyrenene type resist, a2ide rub- 
ber type resist, or imide type resist, is applied to the 
upper surface of the glass substrate by spin coating, 
screen printing, spraying, etc And, after the completion 
of the application, p re-baking is conducted, in which the 
photosensitive resin liquid on the substrate is heated for 
more than one minute In a temperature range, for exam- 
ple, of 80 to 1 00°C by using a heating device such as a 
heating furnace or a hot plate, to thereby form a photo- 
sensitive resin layer on the substrate. However, the pre- 
baklng conditions differ according to the kind of photo- 
sensitive resin used, so that it is naturally possible to 
perform the processing at a temperature and for a time 
beyond the above-mentioned ranges. It is desirable for 
the thickness of the photosensitive resin layer to be in 
the range of 2 to 5 u,m. 

[0053] After this, as shown in Fig, 3(e), by using the 
transfer pattern 12 shown in Fig. 3(d). the pattern sur- 
face 12a of this transfer pattern 12 is pressed against 
the photosensitive resin layer 3 on the glass substrate 
for a fixed period of time, and then the transfer pattern 
12 is detached from the photosensitive resin layer 3. In 
this way. as shown in Fig. 3(f), the protrusions of the 
transfer pattern surface 12a is transferred to the surface 
of the photosensitive resin layer 3 to form a large 
number of recesses 4. As the value of the pressure 
applied at the time of pattern pressing, a value is prefer- 
ably selected which is adapted to the kind of photosen- 
sitive resin used; for example, it is a pressure of 
approximately 30 to 50 kg/cm 2 . Regarding the press 
time also, U is desirable to select a value corresponding 
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to the kind of photosensitive resin used. For example, it 
is approximately 30 seconds to 10 minutes. 
[0054] After this, rays such as ultraviolet rays (g, h, 
i-rays) for curing the photosensitive resin layer 3 are 

5 applied from the back side of the transparent glass sub- 
strate to cure the photosensitive resin layer 3. In the 
case of the above-mentioned photosensitive resin, an 
intensity of 50 mJ/cm 2 or more is enough for the rays 
such as ultraviolet rays applied to cure the photosensi- 

10 tive resin layer. However, depending upon the kind of 
photosensitive resin layer, it is naturally possible to 
apply the rays In an Intensity other than the above. And. 
post baking is conducted, in which by using a heating 
device such as a heating furnace or hot plate which is 

is the same as used in the pre-baking, the photosensitive 
resin layer 3 on the glass substrate 3 is heated for one 
minute or more at approximately 240°C to bake the pho- 
tosensitive resin layer 3 on the glass substrate. 
[0055] Finally, on the surface of the photosensitive 

20 resin layer 3, a film of aluminum or the like Is formed by 
electron beam evaporation or the like to form a reflec- 
tion film 5 along the surface of the recess, thereby com- 
pleting the reflection member 1 . 
[0056] AS shown in Fig. 7, the transparent elec- 

2$ trodes 20 and 21 have a strlpe-like pattern, and when 
the pitch of the adjacent row of recesses in the reflection 
member 1 is 10 to 20 urn, they are formed at a vertical 
pitch of 76 u.m and with a shorter width of 66 um 
[0057] As shown in Fig. 7, the direction in which the 

30 rows of recesses 4 of the reflection member 1 are 
arranged is set beforehand such that ft makes an angle 
of 8 degrees with respect to the direction in which the 
strlpe-like transparent electrodes 20 extend. In Fig. 7, 
this condition corresponds to the arrangement in which 

35 pi (the pitch 01 adjacent recesses) = 15 ujd, 6 = 8 
degrees. 

[0058] Since the pitch of the moire fringe generated 
as a result of the reflection member 1 being superim- 
posed on the transparent electrodes 20 is approxi- 

40 mately i .07 uin, so that the moire fringe Is not easily 
viewed. Further, if an angle deviation of 0.5 degrees 
occurs, the change in the pitch of the moire fringe gen- 
erated as a result of superimposing is approximately 7 
jim, so that the change occurs to a small degree. 

as [0059] In the reflection type liquid crystal display 
device of the present embodiment, instead of providing 
the reflection member 1 outside the lower substrate 14 
as in the above-described embodiment, the reflection 
member 1 may be directly formed on the opposed sur- 

50 face of the lower substrate 14, for example, on the sub- 
strate 14. In this case also, when the stripe electrodes 
20 and 21 and the reflection member 1 are the same as 
those used In the first embodiment, the direction in 
which the stripe- like electrodes 20 extend intersects the 

55 rows of recesses 4 of the reflection member 1 at an 
angle of 8 degrees as shown in Fig. 7. 
[0060] Another embodiment of a reflection type 
color liquid crystal display device will be described with 
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reference to Fig. 8. The basic construction of this 
embodiment is the same as that of the above-described 
reflection type liquid crystal display device. 
[0061] As shown in Fig. 8, in this liquid crystal dis- 
play device, of upper and lower opposed glass sub- 
strates 43 and 44, there are sequentially stacked on the 
opposed surface of the lower glass substrate 44, a resin 
layer 33 having a large number of protrusions and 
recesses, a reflection film 35 consisting of a metal such 
as aluminum, the resin layer 33 and the reflection film 
35 constituting a reflection member 30, a flattening layer 
41, a plurality of stripe-like lower transparent electrodes 
51 consisting of Indium tin oxide (hereinafter referred to 
as ITO) and an orientation film 53. 
[0062] On the opposed surface of the upper glass 
substrate 43, there are sequentially stacked color filter 
layers 60, en overcoat layer 42, a plurality of stripe-like 
upper transparent electrodes 50 consisting of ITO, and 
an orientation film 52 Between the orientation films S2 
and 53 of the upper and lower glass substrates 43 and 
44, an STN liquid crystal layer 45 is sealed in. 
[0063] Outside the upper glass substrate 43, there 
are sequentially provided a first phase plate 46, a sec- 
ond phase plate 47 and a polarizing plate 48. 
[0064] The plurality of lower transparent electrodes 
51 extend laterally In Fig. 8 and are arranged side by 
side at predetermined intervals. The plurality of upper 
transparent electrodes 20 extend In a direction In which 
they pass through the plane of Fig, 1 , and are arranged 
side by side at predetermined intervals. 
[0065] The tnter-electrode pitch of these upper and 
lower transparent electrodes 50 and 51 and the shorter 
side width of each electrode are the same as those of 
the electrodes 20 and 21 shown in Fig. 1. 
[0066] The color filters 60 consist of a plurality of 
elongated rectangular colored pixels 60a formed in cor- 
respondence with the upper transparent electrodes 50. 
The arrangement of the colored pixels 60a of the color 
filters 60 is such that the colored pixels 60a are 
arranged alternately longitudinally or laterally In a 
stripe-like manner In the order of red (R), green (G) and 
blue (B), 

[0067] The shorter side width Wl of each colored 
pixel 60a Is not less than 80% of the shorter side width 
W2 of the corresponding upper transparent electrode 
SO, and they are provides so as not to overlap the adja- 
cent colored pixels. 

[0068] When the shorter side width of each colored 
pixel 60a is less than 80% of the shorter side width of 
the corresponding upper transparent electrode 50. a 
reduction in chromaticity occurs, and the color display 
quality deteriorates, and when it overlaps the adjacent 
colored pixel, a step is generated where they overlap 
each other, resulting In e deterioration in display quality 
due to orientation un evenness. 

[0069] The reflection member 30 is of the same 
construction as the reflection member 1 shown In Fig. 2 
excluding the substrate 2. That is, the resin layer 33 cor- 



responds to the resin layer 3 In Fig. 2, and the reflection 
film 35 corresponds to the reflection film 5 In Fig, 2. 
Thus, as shown in Fig. 9, the large number of recesses 
34 in this reflection member 30 ere of the same con- 

5 struction as the recesses 4 shown in Figs. 2 and 6. 
[0070] Thus, in this embodiment also, as shown in 
Rg. 9, the recesses 34 of the reflection member 30 are 
arranged beforehand in a direction which makes an 
angle of 8 degrees with respect to the direction In which 

10 the stripe-like transparent electrodes 50 extend. Simi- 
larly, the rows of recesses 34 of the reflection member 
30 are arranged beforehand in a direction which makes 
an angle of 8 degrees with respect to the direction in 
which the colored pixels 60a of the color filters arc 

is arranged. 

[0071] The pitch of the moire fringe generated as a 
result of superimposing of the reflection member 30, the 
transparent electrodes 50 and the colored pixels 60a is 
approximately 107 nm. so that the moire fringe is not 

20 easily viewed. 

[0072] As in the above-described embodiment, In 
the reflection type color liquid crystal display device of 
the present Invention, the reflection member 30 may be 
provided on the outer side of the lower substrate 44 

25 Instead of providing it on the inner side thereof. Further, 
Instead of providing the providing the color fitters 60 on 
the upper substrate 43 side, it is possible to provide 
them on the lower substrate 44 side. For example, it Is 
possible to adopt a construction In which the color filters 

so 60 and the overcoat layer 42 are sequentially provided 
on the reflection member 30 and in which the flattening 
layer 41 Is omitted. Further, it goes without saying that 
the reflection member of the present Invention is appli- 
cable not only to an STN (super twisted nematic) type 

35 but also to a TN (twisted nematic) type liquid crystal dis- 
play device, for example, a TFT type liquid crystal dis- 
play device. 

[0073] As described above, the direction in which 
the stripe-like display electrodes extend is deviated 2.5 

40 to 40 degrees from the direction In which a large 
number of recesses of the reflection member are 
repeatedly arranged, whereby the moire fringe is not 
conspicuous, and it is possible to obtain a bright display 
with high display quality. Further, since the depth of the 

45 recesses and the pitch of the adjacent recesses of the 
reflection plate vary within predetermined ranges, there 
is no interference of light, and the reflection efficiency is 
enhanced in all directions, whereby it is possible to 
obtain a bright display quality. 

51? [0074] Furthermore, the direction in which the 
colored pixels of the color filters are arranged Is devi- 
ated 2.5 to 40 degrees from the direction in which a 
large number recesses of the reflection member are 
repeatedly arranged, whereby the moire fringe is not 

55 conspicuous, and it is possible to obtain a bright display 
with high display quality Further, since the depth of the 
recesses and the pitch of the adjacent recesses of the 
reflection plate vary within predetermined ranges, there 
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is no interference of light, and the reflection efficiency is 
enhanced in all directions, whereby it is possible to 
obtain a bright display quality. 

Claims 5 

V A reflection type liquid crystal display device com- 
prising upper and lower substrates, a liquid crystal 
layer provided between the upper and lower sub- 
strates, a plurality of strlpe-llke transparent elec- io 
trodes formed on the side of at least one of the 
opposed surfaces of the upper and lower sub- 
strates so as to extend in a predetermined direc- 
tion, and a reflection member on the opposed 
surface side or outside of the lower substrate, the is 
reflection member having a large number of 
recesses arranged in a direction, wherein the direc- 
tion in which the recesses are arranged is deviated 
2.5 to 40 degrees from the direction in which the 
stripe-tike transparent electrodes extend. so 

2. A reflection type liquid crystal display device 
according to Claim 1, wherein the reflection mem- 
ber has on Its surface a large number of recesses 

the inner surfaces of which constitute part of spher- 25 
ical surfaces and which are formed continuously so 
as to overlap each other, the depth of the recesses 
and the pitch of adjacent recesses varying within 
predetermined ranges. 

30 

3. A reflection type liquid crystal display device 
according to Claim 1 or 2, wherein an STN or TFT 
system Is adoptetd wherein the refJection member 
is provided on the liquid crystal layer side of the 
lower substrate and wherein a polarizing plate is 35 
provided on the upper substrate, 

4. A reflection type liquid crystal display device com- 
prising upper and lower substrates, a liquid crystal 
layer provided between the upper and lower sub- <o 
strates, a plurality of stripe - like transparent elec- 
trodes formed on at least one opposed surface side 

of the upper and lower substrates so as to extend in 
a predetermined direction, a reflection member pro- 
vided on the opposed surface side or outside of the <S 
lower substrate, and color filters provided on one of 
the opposed sides of the upper and lower sub- 
strates, the reflection member having a large 
number Qf recesses arranged In a direction, 
wherein the direction In which the recesses are 50 
arranged l$ deviated 2.5 to 40 degrees from the 
direction in which a plurality of colored pixels of the 
color filters are aligned. 

5. A reflection type liquid crystal display device 55 
according to Claim 4, wherein the reflection mem- 
ber has a large number of recesses the inner sur- 
faces of which constitute part of spherical surfaces, 
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the depth of the recesses and the pitch of the adja- 
cent recesses varying within predetermined 
ranges. 

6. A reflection type liquid crystal display device 
according to Claim 4 or 5, wherein an STN or TFT 
system is adopted wherein the reflection member is 
provided on the liquid crystal layer side of the lower 
substrate and wherein the color filters or overcoat 
layer is sequentially provided on the reflection 
member, a polarizing plate being arranged on the 
upper substrate. 

7. A reflection type liquid crystal display device com- 
prising a pair of substrates, a liquid crystal layer 
placed between the pair of substrates, a plurality of 
stripe-like transparent electrodes formed in parallel 
at predetermined intervals on opposed surfaces of 
the pair of substrates, the opposed stripe-like trans- 
parent electrodes being orthogonal to each other, 
and a reflection member provided on the side of 
one of the opposed surfaces of the substrates or on 
the outside, the reflection member having a large 
number of recesses continuously formed so as to 
be arranged in two directions orthogonal to each 
other, the two directions in which the large number 
of recesses are arranged are deviated by an angle 
of 2.5 to 40 degrees from the two directions in 
which the stripe-like transparent electrodes orlhog- 
onal to each other extend. 

8. A reflection type liquid crystal display device com- 
prising a pair of substrates, a liquid crystal layer 
placed between the pair of substrates, a plurality of 
stripe-like transparent electrodes formed in parallel 
at predetermined Intervals on opposed surfaces of 
the pair of substrates, the opposed stripe-like trans- 
parent electrodes being orthogonal to each other, a 
reflection member provided on the side of one of 
the opposed surfaces of the substrates or on the 
outside, and color filters provided on the side of one 
of the opposed surfaces of the substrates, the 
reflection member having a large number of 
recesses continuously formed so as to be arranged 
in two directions orthogonal to each other, the two 
directions in which the large number of recesses 
are arranged are deviated by an angle of 2.5 to 40 
degrees i rom the two directions in which the stripe- 
like transparent electrodes orthogonal to each 
other extend, the two directions in which a plurality 
of colored pixels of the color filters are aligned are 
identical with the two directions in which the stripe- 
like electrodes orthogonal to each other extend. 
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